Purpose: Investigation of the influence of radiation dose to salivary glands on xerostomia in patients with head and neck cancers. Methods: From October 2002 to December 2011, 548 patients with head and neck carcinomas were treated in our department using intensity modulated radiotherapy (IMRT). 325 patients were eligible for analysis more than 1 year after irradiation. Xerostomia was evaluated according to the criteria of Radiation Therapy and Oncology Group (RTOG) and xerostomia related questionnaire. For statistical analysis grade 1 and 2 were recorded as mild and grade 3 and 4 as severe xerostomia. The dosimetric values for absolute mean dose, biological equivalent mean dose (EQD2), the relative organ volume not exceeding 20 Gy, 25 Gy and 30 Gy (V20, V25, V30) for all 4 major salivary glands or for both parotid glands only were used for analysis. V20 revealed the best discrimination between both patient groups (with vs. without xerostomia), compared to parameters V25 and V30. Therefore the volume of the salivary glands receiving less than 20 Gy (V < 20 Gy) was analyzed additionally. Mann-Whitney-U-test, Kruskal-Wallis-test and logistic regression were used in statistical analysis. Results: A TD 50 can be determined for the occurrence of xerostomia more than one year after radiotherapy for both parotid glands of 19.3 Gy for the mean dose absolute, 11.2 Gy for the mean dose EQD2, 38.2% for V20, 26.8% for V25, 18.7% for V30, 34.9 ml for V < 20 Gy. For all major salivary glands theses values were 25.7 Gy for the mean dose absolute, 15.6 Gy for the mean dose EQD2, 51.3% for V20, 41.1% for V25, 33.9% for V30 and 34.8 ml for V < 20 Gy. Conclusions: The identification of a tolerance dose for the salivary glands for treatment planning appears to be difficult, as the dose-response correlation only shows a flat slope. Additionally, a large interindividual variability seems to exist. We could not found any threshold dose for development of xerostomia.
Introduction
Xerostomia is one of the most common radiation-induced side effects in patients with head and neck cancers, permanently impairing the quality of life of affected patients. Saliva has several functions, including a bactericidal effect in the oral cavity improving healing processes of mucosa lesions, the mechanical douche of food residues from the oral cavity, the regeneration of adamantine, and the neutralization of food acids. Thus, radiation induced xerostomia, with its reduction of saliva flow also leads to unwanted long-term effects.
The acute effect of irradiation to the secretory cells of the salivary glands most probably causes a selective damage of the plasma membrane, whereas the long term effect is probably due to classic mitotic cell death [1] . The influence of xerostomia on patients' quality of life is discussed controversially. A correlation between both the nonstimulated and stimulated salivary flow rates, and the quality of life confirmed by xerostomia questionnaires was found [2] [3] [4] .
On the other hand an improvement of quality of life scores was found when mucositis was recovering, although xerostomia was persisting [5] . Radiation dose clearly influences the production of saliva of both the large and the small salivary glands [6, 7] . Blanco et al. found the strongest correlation between stimulated saliva flow and dose-volume parameters of the salivary glands, whereas cofactors (chemotherapy, age, general condition) only showed a modest influence [2] .
The therapy of xerostomia after radiation therapy is difficult, which makes prevention essential. By modern treatment planning and radiation application techniques (3D treatment planning vs. conventional treatment planning, IMRT vs. 3D-CRT, 7-field vs. 5-field radiation) it was possible to reduce the dose to the salivary glands [3, [8] [9] [10] [11] [12] [13] [14] . Furthermore, it was attempted to reduce the salivary gland dose by modifying the target volume with preservation of the contralateral parotid and/or subman-dibular gland or lowering the cranial border of the target volume of level 2 of the cervical lymph nodes [15] [16] [17] .
The aim of this paper was the investigation of the influence of radiation dose to salivary glands on xerostomia in patients with head and neck cancers.
Methods and Materials
From 7 October 2002 to 30 December 2011, 548 patients with head and neck carcinomas were treated in our department using intensity modulated radiotherapy (IMRT) with sliding windows™ technique and an integrated boost strategy. 325 patients were eligible for analysis. They underwent an irradiation of the primary tumor located in the naso-, oro-, hypopharynx, larynx or oral cavity, and supraclavicular lymph nodes and were available for a follow up examination more than one year after radiotherapy. Data after re-irradiation were not included.
Xerostomia was evaluated according to the acute radiation morbidity scoring criteria of Radiation Therapy and Oncology Group (RTOG) [18] and xerostomia related questionnaire.
At the time of therapy the median age of patients was 58 years (range: 30 -84 years). From those 223 patients, missing the follow up examination more than one year after radiotherapy, 155 patients had died and 68 patients didn't appear. The median follow up of the patients included into this study was 34.7 months (range: 12 -119.1 months). Primary tumor localizations, tumor stages and lymph node status of patients are shown in Tables 1 and  2. 64 patients were treated by a definitive radiotherapy, 173 patients were irradiated after a complete resection (R0), 57 patients after a resection with microscopic involved margins (R1) and 31 patients after a resection with a macroscopic residue (R2).
The macroscopic tumor manifestations (primary tumor, lymph node metastases) were irradiated with a single dose of 2 Gy, 6 times per week up to a total dose of 72 Gy. A total dose of 64 Gy was used for the tumor bed 
Results
The volume of both parotid glands and submandibular glands amounted to 49.4 ml ± 16.9 ml (mean ± SD) and 15.0 ml ± 5.3 ml, respectively. The number of patients without, mild or moderate xerostomia at the end of irradiation, after 3 months and more than one year after radiotherapy are listed in Table 3 . Because of the small numbers of patients with a moderate (II) xerostomia, patients were summed up into 2 groups only for further analysis: with or without xerostomia. The dosimetric values for absolute mean dose, biological equivalent mean dose (EQD2), the relative organ volume not exceeding 20 Gy, 25 Gy and 30 Gy (V20, V25, V30) for all 4 Salivary glands or for both parotid glands only were used for analysis. V20 revealed the best discrimination between both patient groups (with vs. without xerostomia), compared to parameters V25 and V30. Therefore the volume of the salivary glands receiving less than 20 Gy (V < 20 Gy) was analysed additionally. The data are shown in Tables 4 and 5 .
The probability of the occurrence of xerostomia more than one year after radiotherapy was analysed by logistic regression as a function of dose parameters. Results are shown in Table 5 and demonstrated in Figures 1 and 2 . From these graphs a TD 50 can be determined for the occurrence of xerostomia more than one year after radiotherapy for both parotid glands of 19.3 Gy for the mean dose absolute, 11.2 Gy for the mean dose EQD2, 38.3% for V20, 26.8% for V25, 18.7% for V30 and 34.9 ml for V < 20 Gy. For all major salivary glands theses values were 25.7 Gy for the mean dose absolute, 15.6 Gy for the mean dose EQD2, 51.3% for V20, 41.1% for V25, 33.9% for V30 and 34.8 ml for V < 20 Gy.
Discussion

Finding the Tolerance Dose
The identification of a tolerance dose for the salivary glands for treatment planning appears to be difficult, as the dose-response correlation only shows a flat slope. Additionally, a large interindividual variability seems to exist [19] . The threshold dose for development of xeostomia was described before in the range of 10 to 25.8 r Gy. These dose values refer to either both parotid glands as a sum or to the so called contralateral parotid gland [2, 15, [19] [20] [21] [22] [23] [24] .
For TD 50 one year after irradiation, dose values for the parotid glands range between 30 Gy and 43 Gy [7] . In our own analysis the TD 50 of the mean dose amounts to absolute 19.3 Gy and appears markedly lower.
Biological Effective Dose
The biological effectiveness of the mean dose depends on the total dose applied and has generally not been converted to the equivalent dose for a fractionated dose of 2 Gy (EQD2). Therefore, in our own patient population receiving total doses between 56 and 72 Gy not only the mean dose but also the V20, V25 and V30 show a moderate different biological effectiveness, assuming a probably low α/β value of the salivary gland tissue. Furthermore, a TD 50 for the EQD2 of only 11.2 Gy demonstrates a high radiosensitivity.
Contouring
We selectively contoured each of the 4 major salivary Copyright © 2013 SciRes.
JCT glands during treatment planning. Some authors describe a selective preservation of the contralateral salivary glands. In case of a large, central tumor (e.g. larynx or hypopharynx carcinoma) or an N2c situation it appears difficult to define which of the salivary glands is the contralateral one and therefore should be preserved selectively. As the consequence we used the total volume of the salivary glands for our analysis.
Submandibular Glands
Without stimulation the submandibular glands produce most of saliva [25] . The authors were able to prove that patients whose contralateral submandibular gland was spared reported less high grade xerostomia. However, in our own patient population submandibular glands were resected bilaterally in 30 patients (9.2%) and unilaterally in further 54 patients (16.6%). This surgical intervention may have influenced the occurrence of xerostomia.
Recovery of Salivary Glands
Salivary glands may show a recovery from the reduction of saliva production, which appears most likely between 3 months and 1 year after radiotherapy [2, 7, 8, [26] [27] [28] . The recovery is reported after doses up to 39 Gy [29] . Eventually a recovery effect develops even later on [26, 30] . In The data of our population do not represent any effect of recovery.
Differences between Clinical Studies
The influence of xerostomia on patients' quality of life is not completely certain [2] [3] [4] . Furthermore, the flow rates of the major salivary glands correlate only weakly with the xerostomia of the patients [30] . An increased xerostomia score may also be influenced by a preexisting xerostomia [30] . We did not analyze this problem directly, but it may be assumed to exist from dose effect curves (Figures 1 and 2 ) Besides, initial xerostomia rather exerts a similar kinetic as a consequential late effect of an acute injury, whereas late xerostomia is a "true" long term effect [31] . As a consequence, acute and late xerostomia probably may show different tolerance doses [32] . Also, most studies have different clinical endpoints: the occurrence of xerostomia, the occurrence of xerostomia ≥ III or the reduction of the stimulated and/or unstimulated salivary flows. In this analysis, the occurrence of xerostomia was defined as the endpoint without referring to a reduction of stimulated and/or unstimulated salivary flow.
In our own analysis a TD 50 for the parotid glands and all major salivary glands respectively could be defined with respect to our specific treatment planning parameters. It is valid for the question of occurrence vs. avoidance of xerostomia only. The defined tolerance doses are applicable for our department's concept of preservation dealing with the entire tissue of the 4 major salivary glands.
